Segmental instrumentation in spinal surgery was first introduced by Luque in 1982, when he combined rods with sublaminar wires. Subsequently, the segmental hook-rod system was designed by Cotrel-Dubousset. The expectations of both patients and surgeons have been greatly revised since the introduction of pedicle screw instrumentation in spinal surgery. The pedicle screw fixation (PSF) system has replaced hook and hybrid instrumentation (HI) systems for the treatment of AIS in recent decades. [1, 2] Several studies have compared the PSF and HI systems in the treatment of AIS. [3] [4] [5] [6] [7] The purpose of the current study was to compare
the PSF system with the HI system (proximal hook and distal pedicle screw fixation) with respect to operative time, amount of bleeding, and postoperative complication in patients with AIS operated in the same center by the same surgeon. Additionally, change was recorded between preoperative measurements and 2-year follow-up spinal radiographs for apical vertebral translation, global coronal balance, major curve Cobb angle, global sagittal balance, thoracic kyphosis, and lumbar lordosis. Postoperative curve correction was calculated for all patients and compared between the 2 groups.
Patients and methods
Medical records and spinal radiographs of 54 patients with AIS that were operated by the same surgeon at the Orthopedics and Traumatology Clinic of Lutfi Kırdar Kartal Research and Training hospital between December 2001 and April 2011 using PSF or HI systems were retrospectively reviewed. Ultimately, 38 patients were included in the study because some patients had moved to another city or communication was lost with them over the follow-up period. Nine patients were male (23.7%) and 29 patients were female (76.3%). Mean age at time of surgery was 15.18±2.45 years (range: 13-19 years) ( Table 1) . Patients were divided into 2 groups according to the construct used: the first group consisted of patients in whom only PSF was used for instrumentation, and the second group included patients who were treated with the hybrid hook-screw instrumentation system. In HI, hooks were used for proximal fixation and pedicle screws for distal fixation (Figures 1a and b) . Nineteen patients were operated with PSF, 19 with HI, and all were followed for at least 2 years. Mean follow-up period was 2.96 years (range: 2-5 years) in the PSF group and 8.15 years (range: 3-12 years) in the HI group. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008. Informed consent was obtained from all patients included in the study.
All patients were evaluated preoperatively and at 2 years postoperatively with whole-spine erect posteroanterior and lateral radiographs. The following were measured and compared in the 2 groups: operation time, amount of bleeding during operation, and postoperative complications. Spinal radiographs for apical vertebral translation, global coronal balance (the distance between the C7 plumb line and center sacral vertical line), major curve Cobb angle, global sagittal balance (the distance between the C7 plumb line and sagittal sacral vertical line), thoracic kyphosis, and lumbar lordosis were measured in all patients preoperatively and at 2-year follow-up and compared between the groups. Radiographic change in curve correction [(preoperative erect Cobb angle−postoperative erect Cobb angle/preoperative erect Cobb angle)×100] was calculated for all patients and compared between the 2 groups. Radiographic measurements were made on 36-inch-long cassette coronal and lateral radiographs of the spine while the patient was standing. All radiographic measurements were made manually by 2 of the authors, including a senior spinal surgeon who was independent of the operative team (Figures 1c and d) .
Patients were classified according to the Lenke system, and appropriate fusion levels were defined. According to the Lenke system surgical classification of AIS, the numbers of patients in the PSF group were as follows: 8 Type 1 (main thoracic), 3 Type 2 (double thoracic), 2 Type 3 (double major), 4 Type 5 (thoracolumbar/lumbar), and 2 Type 6 (major thoracolumbar/ lumbar and minor thoracic structural). Four patients had a lumbar A modifier, 10 a lumbar B modifier, and 5 a lumbar C modifier. According to the Lenke system surgical classification of AIS, the numbers of patients in the HI group were as follows: 10 Type 1 (main thoracic), 3 Type 2 (double thoracic), 3 Type 3 (double major), 2 Type 5 (thoracolumbar/lumbar), and 1 Type 6 (major thoracolumbar/lumbar and minor thoracic structural). Two patients had a lumbar A modifier, 12 a lumbar B modifier, and 5 a lumbar C modifier.
Statistical analysis of the data obtained in the study was made using NCSS (Number Cruncher Statistical System) 2007 software (NCSS, LLC, Kaysville, UT, USA) and PASS (Power Analysis and Sample Size) 2008 software (NCSS, LLC, Kaysville, UT, USA). In the comparison of quantifiable data, defined statistical methods (mean, standard deviation, median, frequency, and ratio) were used, and in the comparison between the 2 groups of parameters showing normal distribution, Student' s ttest was used. For data not showing normal distribution, Mann-Whitney U test was used. In the comparison of qualitative data, Yates' continuity correction test and Fisher' s exact test were used. Pearson correlation coefficients were calculated for the analysis of the relationship between parameters. Results were evaluated at a confidence interval of 95% and a significance level of p<0.05.
Results
No statistically significant difference was determined between the PSF and HI groups in respect to age and gender distribution (p>0.05). Duration of operation of the PSF group was determined as statistically significantly higher than that of the HI group (p<0.05). The amount of bleeding of the PSF group was determined as statistically significantly higher compared to the HI group (p<0.01). No statistically significant difference was determined between the groups in respect to development of complications (p>0.05).
The PSF and HI groups did not differ significantly in translation of the apical vertebra between preoperative and 2-year follow-up spinal radiographs (p=0.123). Nor did the PSF and HI groups differ significantly in global coronal balance between preoperative and 2-year followup spinal radiographs (p=0.544). Major curve Cobb angle showed greater improvement in the PSF group compared to the HI group between preoperative and 2-year follow-up spinal radiographs (p<0.01). Global sagittal balance showed greater improvement in the PSF group compared to the HI group between preoperative and 2-year follow-up spinal radiographs (p<0.01). The PSF and HI groups did not differ significantly in thoracic kyphosis between preoperative and 2-year follow-up spinal radiographs (p=0.751). The PSF and HI groups did not differ significantly in lumbar lordosis between preoperative and 2-year follow-up spinal radiographs (p=0.885) ( Table 2) . Improvement in postoperative curve correction was significantly better in the PSF group than the HI group (p<0.01). 
Discussion
The goal of spinal deformity surgery is to achieve balanced spinal fusion. The strategies of achieving this have evolved from HI to segmental screw fixation. Segmental screw fixation systems are designed to correct deformity in both the frontal and sagittal planes while optimizing fusion rates. Pedicle screws offer 3-column purchase and a longer moment arm compared with HI. The aim of this study was to compare PSF with HI in AIS treated at a single institution. In the comparison of PSF and HI, the duration of surgery, the amount of bleeding, and complication rates are important. It has been emphasized in the literature that more blood is lost in HI, [8] [9] [10] although in a study by Kim et al., duration of surgery and blood loss were found to be similar between the groups. [4] Rose et al. stated that blood loss was equivalent but operative time was longer in the hook/hybrid patients. [11] In the current study, the amount of bleeding and operative time in the PSF group were found to be statistically significantly higher than in the HI group. This finding is because in the cases where segmental derotation was performed, the facet excisions and surgery were of longer duration. In some series, it was emphasized that less revision was necessary for PSF in AIS patients in comparison with HI. [2, 12] The need for further surgery in the long-term for reasons such as pain in the surgical area, occult infection, or metal reaction has been reported at similar rates in both groups. [2, 7, 13] In the current study, extraction of instrumentation material was performed in 2 cases in the HI group, as the implants were inadequate, and early revision surgery was applied to 1 patient in the PSF group due to decompensation. Considering all complications, there was no significant difference between the groups.
The PSF system is considered biomechanically advantageous because the pedicle, which is the hardest part of the vertebral body, is used as an anchor in this system. Because of this advantage, segmental PSF allows improved deformity correction with simultaneous preservation of motion segments of the spine by reducing the number of levels fused. [12] In the current study, the PSF system provided better improvement than the HI system in major Cobb angle and global sagittal balance between preoperative and 2-year follow-up radiographic evaluation. Jaquith et al. stated that PSF showed a statistically significantly higher percentage of correction of the major curve than HI system. [14] In our study, we also found postoperative correction was better in the PSF group than the HI group.
One of the limitations of the present study is that the patients did not belong to a single Lenke group, which made standardization difficult. However, in both the PSF and HI groups, there were patients from different Lenke groups.
Correction of AIS by PSF is a safe and effective surgical method. Compared to HI, these patients displayed significantly improved correction of the major curve of thoracic kyphosis and a lower revision rate. [11] In comparative studies, PSF has been found to be significantly superior to HI. [9, 15, 16] In the current study, PSF was observed to be better than HI in terms of radiological correction. Our study was consistent with previous studies, in that PSF was found to be superior to HI in the treatment of AIS cases.
Conclusion
The PSF system provided better improvement than the HI system in major Cobb angle and global sagittal balance between preoperative and 2-year follow-up radiographic evaluation, and postoperative correction was better in the PSF group than the HI group. PSF has the advantage of allowing correction of 3-dimensional deformity and providing 3-column fixation. In conclusion, the PSF system is superior to the HI system in cases of AIS.
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